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ABSTRACT 

An  analysis  was  made  of  the  electric  energy  usage  for  all 
purposes  in  16  sample  houses  selected  from  a total  of  1535 
houses  constructed  at  Little  Rock  Air  Force  Base  to  domicile 
Air  Force  personnel.  Of  principal  interest  was  the  energy 
used  by  the  air-to-air  heat  pumps  installed  for  all-year  air 
conditioning  and  the  effect  of  electric  energy  used  by  other 
appliances  on  the  heating  and  cooling  loads  in  the  houses. 

The  data  revealed  that  the  annual  energy  usage  in  the  16-house 
sample  averaged  25^300  KWH,  of  which  approximately  half  was 
used  by  the  heat  pump  and  its  auxiliary  resistance  heaters,, 
about  one  fourth  was  used  for  water  heating,,  and  the  remaining 
one  fourth  was  used  for  the  electric  range  and  miscellaneous 
devices.  It  was  determined  that  the  energy  used  by  appliances,, 
other  than  the  heat  pump,  which  contributed  toward  heating  the 
house  was  about  half  the  amount  used  by  the  heat  pump  during 
the  winter  months.  An  average  winter  energy  usage  factor  of 
about  2.2  KWH/degree-day  (1,000  sq  ft  of  floor  area)  was  ob- 
served for  the  sample  houses  based  on  all  the  energy  that 
contributed  toward  heating  and  the  degree-days  determined  from 
average  indoor  and  outdoor  temperatures.  The  average  summer 
energy  usage  factor  was  2.1  KWH/degree-day  (1,000  sq  ft  of 
floor  area)  based  on  the  energy  used  by  the  heat  pump  for 
cooling  and  the  degree-days  determined  from  hourly  values  of 
outdoor  temperature  related  to  a reference  value  of  65 °F. 

An  analysis  of  the  demand  charts  revealed  that  the  monthly 
maximum  power  demand  for  the  entire  housing  area  was  probably 
caused  by  a moderately  high  sustained  demand  in  many  houses 
rather  than  a coincidence  of  the  maximum  demands  in  a smaller 
number  of  houses.  The  pattern  of  average  daily  power  demand 
indicated  that  some  type  of  programming  device  that  caused 
the  water  heater  to  be  energized  only  during  periods  of  low 
or  moderate  demand  by  other  appliances  offered  the  best  pos- 
sibility of  distributing  the  daily  energy  usage  more  evenly 
over  the  24-hour  period.  The  effect  of  several  types  of 
programming  devices  on  the  pattern  of  power  demand  is  discussed. 
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1 . INTRODUCTION 

The  National  Bureau  of  Standards  in  collaboration  with  the 
United  States  Air  Force  is  engaged  in  a study  of  all-year  air 
conditioning  systems  in  a number  of  Air  Force  housing  projects. 
One  part  of  this  study  is  comprised  of  an  analysis  of  electrical 
energy  usage  and  electrical  demand  data  obtained  from  a sample 
group  of  houses  at  Little  Rock  Air  Force  Base  in  Arkansas. 

The  Arkansas  Power  and  Light  Company,,  the  electric  utility 
that  serves  the  Little  Rock  Air  Force  Base,,  has  been  collecting 
electrical,  energy  consumption  data  on  1.6  houses  in  the  housing 
area  since  October  1958,,  using  four  or  more  demand  meters  on 
each  house  to  record  separately  the  energy  used  for  the  electric 
range,,  the  electric  water  heater,,  the  heat  pump,,  and  the  total 
for  the  house  on  a 15-minute  demand  interval.  Indoor  air  tem- 
peratures have  also  been  recorded  in  each  of  the  houses,  and 
outdoor  air  temperatures  were  recorded  at  three  separate  sta- 
tions in  the  housing  area.  The  total  monthly  energy  use  indica- 
ted by  these  four  meters  in  each  of  the  16  houses  has  been  sum- 
marized by  Arkansas  Power  and  Light  Company  personnel. 

These  monthly  summaries  of  energy  usage  and  the  original 
charts  from  the  recording  demand  meters  and  the  temperature  re- 
corders have  been  made  available  to  the  National  Bureau  of 
Standards  for  further  analysis.  This  analysis  was  planned  to 
develop  the  following  information  from  the  sample  houses; 

(a)  The  amount  of  electrical  energy  used  by  the  occupants 
for  cooking.,  water  heating,  house  heating,  and  mis- 
cellaneous purposes, 

(b)  A correlation  between  the  energy  used  by  the  heat  pump, 
including  the  supplementary  resistance  heaters,  and 
the  outdoor  temperature  during  both  winter  and  summer 
operation,  in  houses  of  different  size, 

(c)  An  estimate  of  the  contribution  of  the  electrical 
equipment,  other  than  the  heat  pump,  to  the  heating 
of  the  house  in  the  winter  and  to  the  cooling  load 
in  the  summer. 
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'(d)  The  components  of  the  electrical  equipment  in  the 

houses  that  contributed  significantly  to  the  monthly 
maximum  15-minute  power  demands  in  the  16  sample 
houses, 

(e)  The  frequency  of  recurrence  of  15-minute  power  demands 
of  various  magnitudes, 

(f)  One  or  more  ways  to  effectively  reduce  the  peak  de- 
mands for  the  entire  housing  area  without  unduly 
altering  the  living  habits  of  the  house  occupants. 


2.  DESCRIPTION  OF  SAMPLE  HOUSES 

The  identification  of  the  16  houses  used  for  the  study 
with  respect  to  location,  type  of  house,  floor  area,  exterior 
wall  area,  window  and  door  area,  and  number  of  bedrooms  is  sum- 
marized in  Table  1.  House  types  A,  Aq,  B,  and  Bq  were  used  to 
domicile  airmen,  and  house  types  C,  D,  E,  F,  and  G were  used 
primarily  to  domicile  officers.  House  types  Aq  and  Bq  were  of 
duplex  construction  with  carports  adjoining;  house  types  A,  B, 
C,  and  D were  of  duplex  construction  with  living  quarters  ad- 
joining; and  the  remainder  were  of  detached  design.  All  houses 
were  of  single-story  construction  built  on  concrete  slabs  on 
grade.  Perimeter  insulation  on  the  floor  slab  consisted  of 
2 inches  of  rigid  polystyrene  foam.  The  insulation  in  the 
walls  and  ceiling  consisted  of  4 inches  and  6 inches  of  glass 
fiber,  respectively. 

There  were  1535  houses  in  the  housing  area,  so  the  sample 
that  was  used  for  this  study  represented  1.04  percent  of  the 
total.  The  sample  included  six  2-bedroom  units,  eight  3- 
bedroom  units,  and  two  4-bedroom  units.  The  entire  housing 
area  was  comprised  of  465  2-bedroom  units,  1067  3-bedroom 
units,  and  twelve  4-bedroom  units.  It  is  evident  from  these 
figures  that  the  proportion  of  4-bedroom,  units  was  much 
greater  in  the  sample  group  of  houses  than  for  the  entire 
housing  area  and  that  the  proportion  of  2-bedropm  houses  was 
somewhat  greater  in  the  sample  than  for  the  entire  group. 

The  occupancy  of  the  sample  houses  for  the  period  from 
June  8,  1959  to  March  8,  I960  is  summarized  in  Table  2.  This 
information  was  obtained  from  the  housing  officer  at  the  air 
base . 
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Table  1 

Identification  of  Sample  Houses 


Street  Address 
of  House 

Contractor 
Identifica- 
tion No. 

House 

Type 

No.  of 
Bedrooms 

Floor 

Gross 

Area , 
Net 

Ext. 
Gross 
Wall 
Area , 

Window 
and  Door 
Area , 

114  Minnesota  Circle 

4 . 

Bi 

3 

ft6 

1070 

ft2” 

999 

ft2- 

1056 

ft" 

219 

122  Mississippi  Loop 

14 

A1 

2 

970 

891 

992 

180 

110  Missouri  Circle 

74 

B 

3 

1070 

1013 

832 

193 

129  Georgia  Avenue 

163 

B1 

3 

1070 

999 

1056 

219 

189  Pennsylvania  Drive 

172 

B 

3 

1070 

1013 

832 

193 

102  Florida  Avenue 

180 

A 

2 

970 

891 

768 

153 

115  Idaho  Circle 

263 

A 

2 

970 

891 

768 

153 

! 

126  Montana  Circle 

301 

A1 

2 

970 

891 

992 

180 

103  Arizona  Drive 

467 

F 

4 

1680 

1553 

1456 

266 

105  Arizona  Drive 

468 

G 

4 

2050 

1900 

1604 

267 

102  Alabama  Drive 

577 

E 

3 

1190 

1115 

1176 

267 

122  Illinois  Drive 

58  5 

C 

2 

1050 

999 

832 

166 

130  Illinois  Drive 

587 

D 

3 

1100 

1046 

916 

193 

129  Iowa  Circle 

656 

D 

3 

1100 

1046 

916 

193 

123  Louisiana  Drive 

77  0 

E 

3 

1190 

1115 

1176 

267 

127  Michigan  Circle 

< 

843 

C 

2 

1050 

999 

832 

166 

4 

14 

74 

163 

172 

180 

263 

301 

46? 

468 

577 

585 

587 

656 

770 

843 
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Table  2 


Occupancy  of  Sample  Houses 


Occupied 

Rank  of 

Size  of 

Period 

or  Vacant 

Occupant 

Family 

June  8,  1959  to 
March  8,  i960 

Occupied 

M/Sgt. 

2 adults 

June  8,  1959  to 

Occupied 

M/Sgt. 

2 adults 

March  8,  i960 

1 child 

June  8,  1959  to 
March  8,  i960 

Occupied 

M/Sgt. 

2 adults 
2 children 

June  8,  1959  to 
March  8,  i960 

Occupied 

T/Sgt. 

2 adults 
2 children 

June  8,  1959  to 
Nov.  25,  1959 

Occupied 

Sgt. 

2 adults 

Nov.  25,  1959  to 
Dec.  1,  1959 

Vacant 

- — • 

Dec.  1,  1959  to 
March  8,  i960 

Occupied 

M/Sgt. 

2 adults 
5 children 

June  8,  1959  to 
March  8,  i960 

Occupied 

T/Sgt. 

2 adults 
1 child 

June  8,  1959  to 
March  8,  i960 

Occupied 

T/Sgt. 

2 adults 
2 children 

June  8,  1959  to 
March  8,  I960 

Occupied 

S/Sgt. 

2 adults 
2 children 

June  8,  1959  to 
March  8,  I960 

Occupied 

Col. 

2 adults 

3 children 

June  8,  1959  to 
March  8,  I960 

Occupied 

Col. 

2 adults 

3 children 

June  8,  1959  to 
March  8,  i960 

Occupied 

Col. 

2 adults 

3 children 

June  8,  1959  to 
June  30,  1959 

Occupied 

Capt. 

2 adults 
2 children 

June  30,  1959  to 
Aug.  4,  1959 

Vacant 

— 

Aug.  4,  1959  to 
Feb.  4,  i960 

Occupied 

l/Lt. 

2 adults 

Fe£>.  4,  i960  to 
March  8,  i960 

Vacant 

— — — 

“ 

June  8,  1959  to 
March  8 , I960- 

Occupied 

cwo 

2 adults 

June  8,  1959  to 
Oct.  30,  1959 

Vacant 

— 

— 

Oct.  30,  1959  to 
March  8,  i960 

Occupied 

l/Lt. 

2 adults 

3 children 

June  8,  1959  to 
March  8,  i960 

Occupied 

Capt. 

2 adults 
2 children 

June  8,  1959  to 
Nov.  7,  1959 

Occupied 

l/Lt. 

2 adults 
1 child 

Nov.  7,  1959  to 

Vacant 

— 

— 

March  8,  i960 
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3.  ANALYSIS  OF  DATA 
3 . 1 Monthly  Electric  Energy  Use 


The  average  monthly  electric  energy  use  per  house  for  each 
of  the  major  components  comprising  the  load  and  for  the  entire 
house  was  determined  for  the  16  houses  as  a group  and  also  for 
the  2-bedroom*  3-bedroom*  and  4-bedroom  houses  as  sub-groups. 
These  monthly  averages  have  been  summarized  in  Table  3 for  the 
period  from  October  1958  to  March  I960*  inclusive.  The  average 
monthly  energy  use  for  the  heat  pump*  the  water  heater*  the 
kitchen  range*  and  miscellaneous  devices  was  also  expressed  in 
the  table  as  a percentage  of  the  average  total  house  load  in 
each  sub-group  and  for  the  entire  sample.  Since  the  miscel- 
laneous devices  of  the  house  such  as  lights*  television*  clothes 
dryer*  and  resistance  heater  in  the  bathroom  were  not  metered 
separately*  the  energy  use  of  these  devices  was  determined  by 
subtracting  the  sum  of  the  usages  of  the  heat  pump*  the  water 
heater*  and  the  range  from  the  total  energy  use  of  the  house. 

It  will  be  noted  in  Table  3 that  all  of  the  16  houses  were  not 
occupied  prior  to  June  1959. 

The  average  monthly  energy  use  in  the  16  houses  for  the 
several  components  of  the  total  load  was  plotted  in  Figure  1 
for  the  period  from  October  1958  to  February  i960.  The  average 
monthly  energy  use  per  house  for  the  entire  housing  area  was 
also  plotted  as  a dotted  line  in  Figure  1 for  comparison. 

This  represents  approximately  1535  houses  starting  with  June 
1959. 


It  will  be  noted  in  Figure  1 that  the  energy  use  for  the 
heat  pump  and  for  the  entire  house  reached  an  annual  maximum 
in  the  middle  of  the  winter  and  a smaller  maximum  during  July 
and  August.  Two  minimums  occurred  during  the  year*  in  April 
and  October*  approximately*  for  the  heat  pump  and  the  house 
as  a whole  when  little  heating  or  cooling  was  required.  The 
winter  peak  use  of  energy  was  approximately  twice  the  summer 
maximum.  The  energy  use  for  the  water  heater*  the  kitchen 
range*  and  the  miscellaneous  devices  was  relatively  more  stable 
throughout  the  year*  although  the  minimum  use  of  energy  for 
water  heating  and  the  miscellaneous  devices  occurred  in  July 
and  the  maximums  occurred  in  the  colder  months  of  the  year. 

Figure  1 shows  that  the  average  monthly  energy  used  per 
house  for  the  16  houses  was  very  close  to  that  for  1535  houses 
for  the  period  from  July  1959  to  February  i960  when  the  base 
was  fully  occupied*  despite  the  disproportionate  number  of 
large  houses  in  the  16-house  sample. 
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Considering  the  average  values  for  all  16  houses.  Table  3 
shows  that  the  energy  used  for  the  heat  pump  ranged  from  about 
30 $ of  the  total  load  during  the  spring  and  fall  to  a value 
between  50  and  60 $ during  the  middle  of  the  summer  and  winter; 
the  energy  used  for  water  heating  ranged  from  about  15$  in  the 
middle  of  the  winter  to  a little  over  30$  in  the  spring  and 
fall;  the  energy  used  for  the  kitchen  range  was  3$  or  less  of 
the  total  throughout  the  year;  and  the  energy  used  for  miscel- 
laneous devices  ranged  from  20  to  30$  of  the  total  most  of  the 
time . 


Considering  the  2-bedroom,  3-hedroom,  and  4-bedroom  houses 
as  separate  sub-groups.  Table  3 shows  that  for  most  months  of 
the  year  the  energy  used  for  the  heat  pump  and  for  water  heat- 
ing increased  with  the  number  of  rooms,  whereas  the  energy  used 
for  cooking  was  usually  the  greatest  in  the  3-hedroom  houses, 
and  the  energy  used  for  miscellaneous  devices  was  rather  in- 
consistent with  respect  to  house  size. 

The  energy  used  in  the  sample  houses  for  each  component 
of  the  total  load  and  the  percent  of  the  total  represented  by 
each  component  is  summarized  in  Table  4 for  the  12-month  period 
from  March  1959  to  February  i960,  inclusive.  It  should  be 
noted  that  only  15  houses  were  occupied  during  some  months  of 
this  period. 

Table  4 


Average  Annual  Energy  Use  in  Sample  Houses 


Component 

of  Load 

Total  Energy  Used 

Percent  of 
Total 

Heat  Pump 

KWH 

12,290 

48.6 

Water  Heater 

6,135 

24.3 

Range 

(by  difference) 

965 

3.8 

Miscellaneous 

5,905 

23.3 

Total 

25,295 

100.0 

Table  4 shows  that  the  total  energy  used  for  heating  and 
cooling  by  the  heat  pump  on  an  annual  basis  was  slightly  less 
than  that  used  for  all  other  devices  combined.  The  annual 
energy  usages  for  water  heating  and  miscellaneous  devices 
were  each  about  half  as  large  as  that  for  the  heat  pump. 


ELECTRIC  ENERGY  USE  IN  16  HOUSES 
LITTLE  ROCK  A.  F.  B. 


3 . 2 Heating  Accomplished  by  Range,  Water  Heater,  and  Miscellaneous 
Devices 


It  is  known  that  the  energy  used  by  the  electric  range,  the 
electric  water  heater,  and  the  miscellaneous  devices  each  make 
some  contribution  toward  warming  the  house  in  any  season  of  the 
year.  This  auxiliary  heating  reduces  the  load  on  the  heating 
system  in  cold  weather  and  increases  the  load  on  the  cooling 
system  in  hot  weather. 

It  is  probable  that  all  of  the  energy  input  to  the  cooking 
range  assists  in  warming  the  house  with  very  little  time  lag 
except  for  the  water  vapor  generated  by  the  cooking  processes 
that  escape  from  the  house  in  the  winter  time  without  being 
condensed.  During  the  cooling  season  the  water  vapor  produced 
by  cooking  would  add  to  the  latent  cooling  load  on  the  heat 
pump  and  the  sensible  heat  emitted  from  the  range  would  add  to 
the  sensible  cooling  load  of  the  heat  pump.  For  this  analysis 
it  was  assumed  that  all  of  the  electrical  energy  used  by  the 
cooking  range  was  effective  in  warming  the  house. 

The  jacket  heat  losses  from  the  water  heater  would  warm 
the  house  winter  and  summer,  if  the  heater  was  located  in  the 
occupied  space,  and  a variable  fraction  of  the  heat  in  the 
warm  water  used  for  bathing,  dishwashing,  and  laundry  would 
be  transferred  to  the  air  in  the  house  as  sensible  or  latent 
heat.  Observations  of  the  electric  energy  required  to  main- 
tain storage  temperatures  in  the  water  tank  in  some  of  the 
sample  houses  during  the  night  when  no  water  was  being  drawn 
indicate  that  the  jacket  loss  of  these  water  heaters  was  8 
to  10  percent  of  the  total  monthly  energy  used  for  water 
heating.  To  make  some  allowance  for  the  heat  transferred  to 
the  air  in  the  house  from  the  hot  water  during  use,  it  was 
assumed  for  this  analysis  that  15  percent  of  all  the  elec- 
trical energy  supplied  to  the  water  heater  was  effective  in 
warming  the  house. 

It  is  probable  that  all  of  the  electrical  energy  used  by 
electric  lights,  resistance  heaters,  toasters,  radio  and  tele- 
vision sets,  and  nearly  all  of  the  energy  used  by  an  electric 
iron  would  be  converted  into  heat  that  would  assist  in  warm- 
ing a house.  The  situation  with  respect  to  an  electric  clothes 
dryer  is  less  definite.  Although  there  would  be  some  heat 
transferred  to  the  room  from  the  jacket  of  the  dryer,  these 
devices  are  usually  equipped  with  a small  blower  which  uses 
room  air  to  carry  the  water  vapor  and  some  sensible  heat  out- 
side during  the  clothes-drying  process.  Such  a blower,  when 
in  operation,  would  increase  the  infiltration  into  the  house. 
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which  would  probably  more  than  offset  the  jacket  heat  loss  in 
the  winter  time.  In  the  summer  time  the  clothes  dryer  would 
increase  the  cooling  load  somewhat.  For  the  purpose  of  this 
analysis,  it  was  assumed  that  the  clothes  dryer  contributed 
nothing  toward  heating  the  sample  houses  and  that  all  of  the 
remainder  of  the  energy  used  by  miscellaneous  devices  was  con- 
verted into  heat  within  the  house. 

The  electrical,  energy  used  by  the  electric  clothes  dryers 
at  Little  Rock  Air  Force  Base  was  not  metered  separately  from 
the  other  miscellaneous  loads.  However,  the  energy  used  for 
this  purpose  in  15  sample  houses  at  three  other  air  bases  where 
it  was  metered  separately  averaged  about  100  KWH  per  house  per 
month.  Accordingly,  the  energy  used  for  miscellaneous  devices 
in  the  houses  at  Little  Rock  Air  Force  Base  was  corrected  by 
subtracting  100  KWH  from  the  monthly  totals  reported  in  each 
case  where  the  monthly  total  exceeded  100  KWH. 

On  the  basis  of  the  foregoing  assumptions,  the  monthly 
contribution  of  the  electric  range,  water  heater,  and  miscel- 
laneous devices  to  house  heating  was  determined  by  the  follow- 
ing expressions 

KWHa  = KWHr  + .15  KWHW  + (KWHm  - 100 ) where 

KWH^  is  the  computed  contribution  of  all  appliances,  other 
than  the  heat  pump,  to  house  heating  in  KWH/month, 

KWHr  is  the  metered  electric  energy  use  of  the  electric  range 
in  KWH/month, 

KWHr  is  the  metered  electric  energy  use  of  the  electric  water 
heater  in  KWH/month, 

KWHjvj  is  the  electric  energy  used  by  miscellaneous  devices  in 
KWH/month. 

This  formula  was  used  later  in  this  report  for  deriving 
one  of  the  three  factors  for  energy  used  per  degree-day  per 
1,000  sq  ft  of  floor  area  for  the  sample  houses  at  Little  Rock 
Air  Force  Base.  It  is  recognized  that  this  formula  could 
probably  be  improved  in  accuracy  by  a careful  statistical 
study  of  the  heat  dissipation  characteristics  of  the  various 
electrical  appliances,  as  used  in  a house. 
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3 . 3 Correlation  of  Energy  Requirements  for  Heating  and  Heating 
Degree-Days 


Seasonal  heat  requirements  for  residences  of  similar 
construction  In  different  climates  and  for  different  months 
in  the  same  climate  have  often  been  compared  on  the  basis  of 
the  number  of  degree-days  occurring  in  each  locality.  The 
heat  requirements  of  houses  of  similar  size  and  construction 
are  related  to  the  length  of  the  exterior  walls  and  to  the 
floor  area.  In  an  effort  to  correlate  the  energy  require- 
ments of  the  16  sample  houses  at  Little  Rock  Air  Force  Base 
during  the  heating  season,,  three  different  energy  usage 
factors  were  determined  for  the  months  of  October,,  November., 
and  December  of  1959  and  for  January  and  February  of  I960. 
These  factors  relate  the  electrical  energy  used  and  the  floor 
area  for  each  of  the  sample  houses  to  the  degree-days  and 
have  the  units  KWH/ degree-day  (1,000  sq  f t ) „ The  data  in- 
volved in  determining  the  factors  and  the  factors  themselves 
are  summarized  in  Tables  5 to  9*  inclusive,  for  the  5 months 
studied. 

The  three  energy  usage  factors  shown  in  Figures  5 to  9 
each  involved  the  floor  area  of  the  house,  but  employed  dif- 
ferent values  for  the  electrical  energy  used  for  heating  the 
house  and  different  bases  for  computing  the  degree-days.  The 
first  factor  was  computed  from  the  electrical  energy  used  by 
the  heat  pump  plus  the  contribution  to  heating  made  by  all 
other  appliances  and  the  degree-days  related  to  a 65  °F  base. 
The  second  factor  was  computed  from  the  electrical  energy 
used  by  the  heat  pump  only  and  the  degree-days  related  to  a 
65 °H  base.  The  third  factor  was  computed  from  the  electrical 
energy  used  by  the  heat  pump  plus  the  contribution  to  heat- 
ing made  by  all  other  appliances  and  the  degree-days  based 
on  the  difference  between  the  monthly  average  indoor  and  out- 
door temperatures. 

An  examination  of  Tables  5 to  9 indicates  that  the 
methods  employed  to  obtain  the  energy  usage  factors  correlate 
the  observed  data  for  2-,  3- 3 and  4-bedroom  houses  for  the 
months  from  October  1959  to  February  I960  reasonably  well. 

The  second  factor,  obtained  from  the  energy  consumption  of 
the  heat  pump  only  and  the  degree-days  related  to  a 65 °H 
base,  did  not  differ  by  more  than  .15/  in  four  of  the  five 
months  from  the  third  factor,  obtained  from  the  total  energy 
used  for  heating  and  degree-days  based  on  average  indoor- 
outdoor  temperature  difference.  For  the  five  months  studied, 
the  second  energy  usage  factor  averaged  2.12  KWH/degree-day 
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Std„  Dev.  0.10  0.06  0.0. 

Avg  for 

16  Houses  1247  741  1994  74  43  643  961  1085  2.8  1.8  1.9 

Std.  Dev.,  16  Houses  0. 52  0.47  O.37 

* House  #843  apparently  not  occupied.  These  data  not  Included  in  average. 
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(l,000  sq  ft)  whereas  the  third  factor  averaged  2.18  In  the 
same  units  for  all  the  sample  houses.  The  equality  of  these 
two  factors  indicates  that  the  total  energy  for  heating,  in- 
cluding the  quantity  KWHa,  bore  the  same  relationship  to  the 
degree-days  based  on  indoor-outdoor  temperature  difference 
as  the  heat  pump  energy  did  to  the  degree-days  based  on  a 
65 °P  reference  value.  Or  in  other  words,  it  tends  to  corro- 
borate the  validity  of  the  65 °P  base  for  computing  degree- 
days  in  relation  to  the  energy  used  by  the  heat  pump  for 
heating.  It  will  be  noted  that  the  appliance  contribution, 

KWHa,  in  Tables  5 to  9 ranged  from  84  percent  of  the  heat 
pump  energy  in  October  down  to  about  40  percent  of  this  item 
in  February  based  on  the  averages  for  16  houses.  Consider- 
ing the  5 months  from  October  1959  to  February  i960,  inclu- 
sive, the  computed  appliance  contribution  toward  heating  the 
houses,  KWHa,  averaged  50.4  percent  of  the  energy  used  by  the 
heat  pump  and  33.5  percent  of  all  the  energy  used  for  heating 
the  houses. 

With  one  exception,  the  standard  deviations  shown  in  Tables 
5 to  9 among  the  2-bedroom,  3-bedroom,  and  4-bedroom  houses  as 
sub-groups  and  the  entire  16-house  sample,  were  progressively 
lower  for  the  first,  second,  and  third  energy  usage  factors 
based  on  a 5-month  average  from  October  1959  to  February  i960* 

The  exception  occurred  in  the  4-bedroom  houses  for  which  the 
relative  magnitude  of  the  standard  deviations  for  the  first 
and  second  factors  were  in  reverse  order.  This  comparison  of 
standard  deviations  indicates  that  the  total  energy  used  for 
heating  did  not  correlate  well  with  the  degree-days  of  heating 
related  to  a 65 °P  base,  but  when  the  indoor  temperature  chosen 
by  the  occupants  and  the  heating  contributed  by  the  miscellaneous 
equipment  were  taken  into  account  as  illustrated  by  the  third 
factor,  an  improved  correlation  was  obtained  in  the  16-house 
sample.  It  should  be  noted,  however,  that  much  less  instru- 
mentation is  required  to  obtain  the  data  for  the  second  energy 
usage  factor  than  for  either  of  the  other  two  in  any  field 
study. 

3 . 4 Correlation  of  Energy  Requirements  for  Cooling  and  Cooling 
Degree-Days 


A similar  relation  of  energy  usage,  floor  area,  and 
cooling  degree-days  was  determined  for  the  months  of  June, 
July,  and  August  1959  for  the  16  sample  houses.  These  data 
are  summarized  in  Tables  10,  11,  and  12. 

The  degree-day  concept  has  been  used  to  some  extent  for 
estimating  the  energy  required  for  air  conditioning  residences 
during  the  cooling  season.  However,  it  has  not  had  the  same 
measure  of  acceptance  for  cooling  conditions  as  for  heating 
conditions.  Under  cooling  conditions,  the  heat  contributed  by 
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electrical  appliances  added  to -the  summer  cooling  load  rather 
than  assisting  the  heat  pumpv  a'S^'&.t * did  during  the  winter. 

Also,  in  the  summer  time,  the  outdoor  temperature  frequently 
crossed  the  reference  value  used  for  degree-day  determinations 
whether  the  reference  value  chosen  was  65  °F  or  75 °F.  Solar 
radiation  on  a house  is  a much  greater  factor  in  the  total 
cooling  load  than  it  is  for  the  heating  load,  and  its  effect 
is  only  indirectly  reflected  in  the  indoor-outdoor  tempera- 
ture difference  during  the  summer.  In  addition,  the  degree- 
day  concept  makes  no  allowance  for  the  cooling  load  repre- 
sented by  the  humidity  in  the  outdoor  air  used  for  ventila- 
tion. 

Three  energy  usage  factors  were  computed  based  on  three 
different  computations  of  the  cooling  degree-days.  The  degree- 
day  values  in  columns  6 and  7 of  Tables  10,  11,  and  12  are 
based  on  the  hourly  values  of  outdoor  temperature  taken  from 
the  temperature  recorder  charts  related  to  reference  values 
of  65 °F  and  75°F,  respectively.  The  degree-day  values  in 
column  8 of  the  tables  were  computed  from  the  mean  of  the 
daily  maximum  and  minimum  outdoor  temperatures  and  the  daily 
average  indoor  temperature. 

It  will  be  noted  in  the  tables  that  the  energy  usage 
factor  for  cooling  varied  over  quite  a range  depending  on 
the  basis  selected  for  determining  the  degree-days  of  cooling. 
An  examination  of  Tables  10  to  12  indicates  that  the  first 
two  energy  usage  factors  correlated  the  observed  data  for 
2-,  3~,  and  4-bedroom  houses  reasonably  well  for  the  three 
months  studied.  The  percentage  variation  in  each  of  these 
two  factors  in  any  given  month  for  any  group  of  houses  was 
the  same  because  the  factors  were  related  to  each  other  by 
a fixed  ratios  the  ratio  of  the  degree-days  based  on  refer- 
ence temperatures  of  65 °F  and  75 °F,  respectively.  However, 
the  first  factor  provided  a better  correlation  among  the 
three  separate  months  than  did  the  second  factor.  The  three 
monthly  values  for  the  16-house  average  differed  by  only  10$ 
for  the  first  factor  but  differed  by  27^  for  the  second 
factor. 

The  third  energy  usage  factor  did  not  correlate  the  data 
among  sub-groups  or  among  the  several  months  as  well  as  the 
first  two  factors.  Basing  the  degree-days  on  the  difference 
between  mean  daily  outdoor  temperature  and  average  indoor  tem- 
perature is  probably  the  least  suitable  of  the  three  methods 
employed  for  correlating  energy  usage;  first,  because  this 
temperature  difference  can  become  vanishingly  small,  or  even 
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negative,  and  yet  the  house  can  have  a cooling  requirement, 
and  secondly,  because  a house  probably  responds  with  respect 
to  the  need  for  cooling  or  heating  on  a cycle  of  less  than 
24  hours.  Note  that  the  degree-day  value  for  house  No.  485 
as  used  for  the  third  factor  was  negative  during  August  be- 
cause the  average  indoor  temperature  was  1°F  higher  than  the 
mean  daily  outdoor  temperature  even  though  the  heat  pump 
used  380  KWH  of  electrical  energy  during  the  month.  This 
caused  the  corresponding  energy  usage  factor  to  be  negative. 

The  standard  deviations  were  progressively  higher  for 
the  first,  second,  and  third  energy  usage  factors  both  within 
the  sub-groups  of  houses  and  for  the  entire  sample.  The  3- 
month  averages  of  the  standard  deviations  for  the  first, 
second,  and  third  factors  were  0.37*  0.91*  and  2.78,  respec- 
tively. It  should  be  noted  that  the  standard  deviation  for 
the  first  and  second  factors  for  each  month  are  related  to 
each  other  in  the  same  ratio  as  the  degree-days  based  on 
reference  temperatures  of  65  °L  and  75  °F*  respectively. 

3 . 5 Factors  Affecting  Maximum  Power  Demand  for  the  Housing  Area 


The  unit  rate  for  electric  energy  at  the  Little  Rock  Air 
Force  Base  is  related  by  sliding  scales  to  the  following  three 
factors:  (l)  the  total  monthly  usage  of  electric  energy, 

(2)  the  magnitude  of  the  maximum  15-minute  power  demand  during 
the  month,  and  (3)  the  load  factor,  i.e.  the  ratio  of  the 
monthly  average  use  of  the  electric  power  to  the  maximum  15- 
minute  demand  of  power  for  the  month.  For  this  type  of  rate 
structure,  a reduction  of  the  maximum  15-minute  demand  in 
any  month  would  tend  to  lower  the  unit  rate  by  virtue  of  its 
effect  on  the  second  and  third  factors  above  even  if  the 
total  energy  usage  remained  unchanged. 

3.5(a)  Load  Factor 

Figure  2 shows  a graph  of  the  average  monthly  power  use 
of  all  1535  houses  from  April  1959  to  February  i960,  inclu- 
sive. It  also  shows  a graph  of  the  average  15-minute  demand 
of  all  1535  houses  occurring  at  the  time  of  monthly  maximum 
15-minute  demand  for  the  entire  housing  area.  The  load 
factor  for  the  entire  housing  area  was  determined  month  by 
month  from  these  data  and  plotted  in  Figure  2 for  the  same 
period. 
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The  figure  shows  that  the  monthly  load  factor  approximated 
0.50  from  April  1959  to  December  1959^  with  two  exceptions,, 
and  then  rose  sharply  until  it  reached  a value  of  about  0.60  . 
during  February  i960.  This  means  that  the  maximum  15-minute 
demand  for  power  was  about  twice  the  monthly  average  much  of 
the  time,  with  a lower  ratio  occurring  during  the  colder 
months  of  the  winter.  A low  load  factor  occurs  for  a given 
house  when  the  various  items  of  electrical  equipment  are  ener- 
gized for  only  a small  percentage  of  the  total  time,  but  oc- 
casionally many  or  all  of  them  are  simultaneously  energized 
for  periods  up  to  15  minutes.  When  the  short  periods  of  si- 
multaneous use  of  many  components  of  the  load  in  a number  of 
houses  occur  at  the  same  time,  the  load  factor  for  the  entire 
group  is  low. 

3.5(h)  Dally  Pattern  of  Power  Demand 


In  order  to  determine  how  the  power  demand  varied  throughout 
the  day,  the  daily  pattern  of  power  demand  was  plotted  for  five 
of  the  sample  houses  for  the  months  of  January  I960  and  August 
1959.  For  these  2 months,  the  power  used  during  each  15-minute 
period  of  the  day  was  tabulated  for  the  five  houses.  From 
these  data  the  maximum  and  minimum  demands  that  occurred  on 
any  day  of  the  month  and  the  average  demand  for  all  days  of 
the  month  were  plotted  for  each  15-minute  period  of  a 24-hour 
day.  This  information  is  shown  in  Figures  3 to  7 * inclusive, 
for  January  i960  and  in  Figures  8 to  12  for  August  1959. 

Four  of  the  five  houses  revealed  similar  changes  in  the 
average  and  maximum  power  demands  between  the  day  and  night 
hours  during  the  month  of  January.  Starting  in  the  morning 
at  a time  ranging  from  about  0630  to  0900  hours,  the  average 
and  maximum  power  demands  .rose  quickly  to  about  twice  that  ob- 
served earlier  in  the  morning  and  remained  at  a high  level 
until  1 to  3 hours  after  noon  when  they  decreased  to  a value 
only  a little  above  the  night  demand.  After  about  2 hours 
at  a low  value,  the  power  demand  rose  again  to  a smaller  maxi- 
mum about  1800  or  1900  hours  and  then  gradually  decreased  to 
night  level,  before  midnight  in  most  cases.  These  similar 
daily  patterns  are  shown  in  Figures  3 to  6,  inclusive.  These 
four  figures  indicate  the  following  conclusions  regarding  the 
power  demand? 

(l)  There  is  a high  probability  that  the  monthly  maximum 
15-minute  power  demand  will  occur  between  the  hours 
of  0630  and  2000  and  will  be  caused  principally  by 
the  activities  of  the  occupants  during  their  waking 
hours . 
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(2)  The  monthly  maximum  15-minute  power  demand  was  not 
directly  caused  by  the  heating  equipment  during  the 
coldest  hours  in  the  24-hou.r  period. 

(3)  A fairly  stable  power  demand  approximating  twice  the 
night  level  occurred  during  the  hours  between  Q7Q0 
and  1400,  more  or  less. 

(4)  Several  high  15-minute  demands  occurred  during  the 
month  that  approximated  the  one  monthly  maximum 
value  in  each  house. 

(5)  There  was  a high  degree  of  similarity  in  the  daily 
pattern  of  power  demand  in  the  four  houses  and 
therefore  a good  probability  of  coincidence  of  high 
or  maximum  values  in  a group  of  houses. 

Despite  the  similarity  in  the  daily  patterns  of  power 
demand  shown  in  Figures  3 to  6 for  houses  numbered  14,  263* 
468,  and  587 j the  pattern  shown  in  Figure  7 for  house  74  was 
significantly  different.  The  variation  in  power  demand  be- 
tween day  and  night  was  much  less  in  this  house,  the  monthly 
maximum  15-minute  demand  was  lower,  and  high  values  in  the 
maximum  demand  curve  were  more  or  less  evenly  scattered 
throughout  the  24-hour  period.  Table  2 indicates  that  house 
74  was  not  occupied  by  an  unusually  small  family  and  Tables 

5 to  9 show  that  the  total  monthly  energy  use  in  this  house 
was  of  the  same  order  of  magnitude  as  houses  14,  263.5  and 
587  during  the  winter  months. 

In  August,  the  daily  pattern  of  power  demand  was  similar 
in  all  five  houses  studied,  as  shown  in  Figures  8 to  12. 
Starting  in  the  morning  between  0600  and  0900,  the  average 
and  maximum  power  demand  increased  fairly  rapidly  for  about 
2 hours,  after  which  it  was  reasonably  stable  until  about 
1900  hours  and  then  gradually  decreased  until  several  hours 
after  midnight.  The  daily  average  power  demand  was  quite 
low  from  0200  to  0600  hours  ranging  from  about  0.5  KW  in  two 
of  the  houses  up  to  about  1.5  KW  in  house  263 . The  daily 
average  power  demand  during  the  period  from  1000  to  1900 
hours  was  in  the  range  3 to  4 KW  in  some  houses  and  up  to 

6 KW  or  more  in  others. 

Unlike  the  most  prevalent  daily  pattern  of  power  demand 
in  January,  there  was  no  period  of  low  demand  in  the  middle 
of  the  afternoon  in  August.  This  is  probably  explained  by 
the  high  solar  load  at  this  time  of  the  day  and  the  fairly 
steady  requirement  for  heat  pump  operation. 
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Figures  8 to  12  show  that  there  were  no  high  values  of 
maximum  power  demand  between  2200  hours  in  the  evening  and 
0600  hours  in  the  morning  that  approached  the  monthly  maxi- 
mum 15-minute  power  demand  in  these  five  houses.  This  indi- 
cates the  high  probability  that  the  monthly  maximum  power 
demand  in  the  summer  months  will  also  occur  during  the  period 
of  the  day  when  the  occupants  are  active. 

An  inspection  of  Figures  3 to  12  indicates  that  the  load 
factor  for  the  individual  house  could  be  increased,,  if  some 
of  the  electrical  load  were  shifted  from  the  daytime  hours  to 
the  night  hours.  Table  13  is  a summary  of  the  daily  average 
of  the  energy  used  in  five  sample  houses  between  the  hours 
of  2300  and  0700;  and  between  0700  and  2300  for  the  months 
of  August  and  January.  The  energy  use  in  these  two  periods 
is  also  expressed  as  a percent  of  the  total.  It  will  be  noted 
that  about  12  percent  of  the  total  daily  energy  use  occurred 
between  the  hours  of  2300  and  0700  in  four  of  the  sample 
houses  during  August,  and  about  25  percent  of  the  total  daily 
energy  use  occurred  in  the  same  period  in  four  of  the  sample 
houses  during  January.  The  fifth  house  in  the  group  used  a 
higher  percent  of  the  total  than  the  others  during  August  and 
a lower  percent  than  the  average  during  January.  If  the 
energy  use  were  uniform,  day  and  night,  one  third  of  the 
total  daily  use  would  have  occurred  during  the  8-hour  period 
between  2300  and  0700  hours. 

Table  13 


Average  Day  and  Night  Energy  Use  in  Five  Sample  Houses 


Electric  Energy  Used,  KWH 
August  1959 January  I960 


2300- 

0700- 

* 

2300- 

0700- 

House 

0700 

Percent 

2300 

Percent 

0700 

Percent 

2300 

Percent 

No. 

Hours 

of  Total 

Hours 

of  Total 

Hours 

of  Total 

Hours 

of  Total 

14 

5.8 

11.4 

45.1 

88.6 

20.0 

24.1 

62.9 

75.9 

74 

9.0 

12.4 

63.7 

8 7.6 

10.5 

25.2 

31.1 

74.8 

263 

12.7 

22.4 

44.0 

77 .6 

14.7 

17.7 

68.3 

82.3 

468 

9-9 

11.9 

73.6 

88.1 

38.9 

27.5 

102.6 

72.5 

587 

— - 

— 

— 

18.4 

23.9 

58.6 

76.1 

656 

5-5 

10.8 

45.4 

89°  2 

— 

— 

— 
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3.5(c)  Coincidence  of  Component  and  Total  Power  Demands  In  the 
Sample  Houses 


In  order  to  study  the  contributions  of  the  various  house 
appliances  to  the  maximum  demands  for  electric  power,  the  si- 
multaneous demands  in  the  1.6  sample  houses  at  the  time  of  the 
maximum  demand  for  the  entire  housing  area  were  graphed  for  a 
4-hour  period,  bracketing  the  time  of  the  maximum  value  for 
the  months  of  August  1959  and  January  i960.  The  data  used  for 
these  graphs  were  taken  from  the  &fcrip  recorder  charts  of  the 
demand  meters  which  recorded  the  average  power  demand  in 
kilowatts  in  15-minute  increments  for  the  heat  pump,,  the  water 
heater,  the  range,  and  the  total  house  load.  The  miscellaneous 
load  in  the  house,  which  consisted  of  the  lights,  the  toaster, 
the  television  and  radio  sets,  the  refrigerator,  the  clothes 
dryer,  etc.  was  not  metered  separately,  but  was  calculated  by 
subtracting  the  sum  of  the  range,  water  heater,  and  heat  pump 
demands  from  the  total  house  meter  demand. 

These  graphs  for  houses  numbered  14,  163,  and  467  are 
shown  in  Figure  13  for  January  i960  and  in  Figure  14  for 
August  1959=  The  demands  of  the  various  components  of  the 
load  in  each  house  were  plotted  against  the  same  time  scale 
such  that  the  center  of  the  time  scale  coincided  with  the 
time  of  the  maximum  power  demand  for  the  entire  housing  area, 
i.e.  for  .1535  houses.  For  the  4-hour  period  in  January,  repre- 
sented in  Figure  13,  it  will  be  seen  that  the  water  heater 
was  energized  continuously  for  several  hours  in  each  house, 
that  the  heat  pump  was  operating  intermittently  on  a time 
cycle  that  resulted  in  some  power  demand  during  every  15- 
minute  period,  that  the  range  contributed  very  little  to  the- 
total  demand,  and  that  the  power  demand  of  the  miscellaneous 
devices  varied  widely  from  one  15-minute  period  to  the  next. 

The  total  power  demand  in  house  1.63  varied  widely  during  the 
4-hour  period  ranging  from  1 to  16.5  KW,  and  it  was  rea- 
sonably steady  at  a high  level  In  house  467,  ranging  from 
12.5  to  18  KW.  One  of  the  three  houses  had  a maximum  demand 
at  1100  hours  coincident  with  the  maximum  for  the  entire 
housing  area. 

It  should  be  noted  that  some  of  the  graphs  for  miscellaneous 
power  demand  show  negative  values,  which  is  a physical  im- 
possibility. It  is  believed  that  these  negative  values  re- 
sulted from  imperfect  synchronization  of  the  time  clocks  and 
the  15-minute  demand  intervals  of  the  four  recorders  from 
which  the  miscellaneous  demands  were  determined  by  calculation. 
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In  Figure  14,  the  component  power  demands  in  the  same 
houses  are  shown  for  a 4-hour  period  bracketing  the  time  of 
the  maximum  demand  for  the  entire  housing  area  in  August 
1959-  In  each  of  these  houses  the  power  demand  of  the  heat 
pump  was  fairly  steady,  ranging  from  about  2 to  6 KW  for 
the  three  houses.  The  water  heaters  in  two  houses  were 
energized  for  1 1/2  to  3 1/2  hours,  the  miscellaneous  de- 
vices varied  in  demand  from  0 to  7 KW,  but  none  of  the 
cooking  ranges  were  used.  The  maximum  demand  in  each  of 
these  houses  during  the  4 hours  was  non-coincident  with 
that  for  the  entire  housing  area. 

Figure  15  shows  the  demand  for  the  house  and  each 
component  averaged  for  all  16  of  the  sample  houses  for  the 
same  4-hour  period.  This  figure  shows  that  there  was  suf- 
ficient diversity,  or  non-coincidence  of  high  demands, 
within  this  group  to  produce  a fairly  steady  total  for  each 
component  and  for  the  house  total.  In  January  there  was 
about  a 2 KW  variation  during  the  4~hour  period  related  to 
an  average  value  of  about  8 KW  for  the  house  total,  and  in 
August  a variation  of  about  1 1/2  KW  related  to  an  average 
value  of  about  5 1/2  KW.  This  graph  shows  how  the  diver- 
sity in  a group  of  houses  reduces  the  wide  variations  in 
demand  that  are  characteristic  of  a single  house. 

In  order  to  study  the  factors  that  caused  the  monthly 
maximum  demands  in  individual  houses,  the  power  demands  of 
each  component  of  the  load  and  of  the  house  as  a whole  were 
plotted  for  a 4-hour  period  bracketing  the  time  of  the 
monthly  maximum  demand  for  that  house.  Such  graphs  are 
shown  for  houses  14,  163,  and  467  for  the  1 winter  month  in 
Figure  16  and  for  1 summer  month  in  Figure  17 . The  time  at 
which  the  monthly  maximum  demand  occurred  in  each  house  was 
placed  at  the  center  of  the  4-hour  time  scale  in  each  graph. 

In  Figure  16  it  will  be  noted  that  the  heat  pump,  water 
heater,  and  miscellaneous  devices  contributed  significantly 
to  the  maximum  in  each  case  and  that  the  electric  range  con- 
tributed little  or  nothing  in  power  demand.  The  power  de- 
mand of  the  heat  pump  in  houses  163  and  467  was  such  that 
use  of  the  supplementary  resistance  heaters  was  indicated 
even  though  the  outdoor  temperature  averaged  53 °K  in  the 
case  of  house  163.  A sustained  demand  in  excess  of  15  KW 
for  3 hours  occurred  in  house  163  as  a result  of  long 
steady  operation  of  the  heat  pump  and  water  heater.  The 
high  demands  in  the  other  two  houses  were  of  much  shorter 
duration. 


. 


. 


* 
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In  Figure  17  the  summer  maxima  are  shown  to  be  lower  than 
for  winter  operation,,  but  the  same  three  components;  namely, 
the  heat  pump,  water  heater,  and  miscellaneous  devices  were 
the  principal  contributors  to  the  maximum  power  demands.  The 
water  heater  provided  a fixed  demand  whenever  it  was  ener- 
gized, winter  or  summer,  whereas  the  heat  pump  provided  a 
somewhat  lower  maximum  demand  in  the  summer  because  the  sup- 
plementary resistance  heaters  would  never  be  used. 

Figure  18  shows  the  type  of  maximum  demands  that  would 
have  occurred  if  the  maximum  demand  in  all  of  the  15  sample 
houses  represented  by  the  figure  had  occurred  coincidentally. 
Figure  18  shows  that  the  average  of  the  maxima  for  the  15 
houses  was  about  17  KW  whereas  Figure  15  shows  that  the 
average  demand  of  the  16  houses  at  the  time  of  the  maximum 
demand  for  the  entire  housing  area  was  only  about  8 KW. 

The  data  for  house  263  was  not  continuous  throughout  the  4- 
hour  period,  and,  for  this  reason  was  not  included  in  the 
averages  plotted  in  Figure  18.  Figure  18  shows  a high  degree 
of  coincidence  between  the  maximum  demands  of  each  of  the 
components  of  the  load  in  the  sample  houses  and  the  maximum 
for  the  house  as  a whole. 

In  order  to  evaluate  the  magnitude  of  the  component  and 
total  power  demands  in  each  of  the  sample  houses  in  a more 
comprehensive  way  than  was  possible, with  the  limited  graphi- 
cal presentation  in  Figures  13  to  18,  Tables  14  to  19  were 
prepared  to  show  coincident  power  demands  in  all  the  sample 
houses  for  3 winter  months  and  3 summer  months  at  the  time 
of  the  monthly  maximum  power  demand  for  the  entire  housing 
area . 


Considering  winter  operation  first.  Tables  14  to  16 
show  that  the  average  total  house  demand  for  the  16-house 
sample  approximated  the  average  for  the  entire  housing  area 
during  two  of  the  winter  months  studied;  viz,  January  and 
February.  Based  on  averages  for  the  16-house  sample,  the 
heat  pump  contributed  from  45  to  63$  of  the  total  house 
load,  the  water  heater  from  20  to  30$,  the  miscellaneous 
devices  from  11  to  21$,  and  the  electric  range  from  1 to  4$. 
It  will  be  noted  that  the  heat  pump  in  every  house  used  some 
energy  during  the  15-minute  period  representing  the  maximum 
demand  for  each  of  the  3 months,  and  that  the  average  power 
demand  for  the  heat  pump  in  all  the  sample  houses  ranged 
from  3.4  to  5.0  KW  for  the  3 months.  The  water  heaters  in 
five  to  eight  houses,  in  different  months,  were  energized 
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Calculated  by  difference 


TOTAL  AND  COMPONENT  15-MINUTE  POWER  DEMANDS  IN  EACH  SAMPLE  HOUSE 
AT  THE  TIME  OF  MAXIMUM  DEMAND  FOR  THE  ENTIRE  HOUSING  AREA 
June  8 to  July  J , 1959 
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Calculated  by  difference 


TOTAL  AND  COMPONENT  15-MINUTE  POWER  DEMANDS  IN  EACH  SAMPLE  HOUSE 
AT  THE  TIME  OF  MAXIMUM  DEMAND  FOR  THE  ENTIRE  HOUSING  AREA 
July  7 to  August  7>  1959 
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Calculated  by  difference 


TOTAL  AND  COMPONENT  15-MINUTE  POWER  DEMANDS  IN  EACH  SAMPLE  HOUSE 
AT  THE  TIME  OP  MAXIMUM  DEMAND  FOR  THE  ENTIRE  HOUSING  AREA 
August  7 to  September  8j  1959 
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at  the  time  of  the  maximum  demand,  and  In  only  a few  cases 
were  the  electric  ranges  using  a significant  amount  of  energy. 
Tables  14  to  16  show  that  the  maximum  demand  for  the  entire 
housing  area  occurred  between  0900  and  1100  hours  for  the  3 
winter  months  represented. 

Tables  17  to  19  show  that  in  the  summer  months  of  June 
to  August  1959  the  average  total  house  demand  for  the  16- 
house  sample  exceeded  the  average  for  the  entire  housing  area 
by  amounts  up  to  \6%  for  two  of  the  three  months  and  was  less 
than  the  average  for  the  entire  housing  area  by  in  July. 

Based  on  averages  for  the  16  sample  houses,  the  heat  pump 
contributed  from  33  to  58^  of  the  total  house  load,  the  water 
heater  from  9 to  26%,  the  miscellaneous  devices  from  20  to 
54$,  and  the  electric  range  from  3 to  Q%,  The  tables  show 
that  the  heat  pump  in  a large  majority  of  the  houses  operated 
during  a part  of  the  15-minute  period  representing  the  maxi- 
mum demand,  water  heaters  in  3 to  7 houses  were  energized  at 
the  time  of  maximum  demand,  and  very  few  of  the  electric 
ranges  contributed  a significant  amount  to  the  total  load. 
Tables  17  to  19  show  that  the  maximum  demand  for  the  entire 
housing  area  occurred  between  1000  hours  and  noon  for  the 
3 summer  months  studied. 

The  negative  values  that  appear  for  the  power  demand  of 
the  miscellaneous  devices  in  Tables  14  to  19  indicate  that 
the  demand  periods  were  not  perfectly  synchronized  and  that 
the  reported  demand  values  do  not  represent  simultaneous  oc- 
currences in  some  cases.  However,  the  demands  reported  for 
the  heat  pump,  water  heater,  electric  range,  and  the  house 
total  are  recorded  values  that  certainly  occurred  within  a 
few  minutes  of  each  other. 

The  non-coincident  monthly  maximum  demands  in  each  of 
the  16  sample  houses  and  the  component  loads  that  made  up 
the  maximum  in  each  house  were  summarized  in  Tables  20  to  22 
for  3 winter  months  and  in  Tables  23  to  25  tor  3 summer 
months.  In  the  winter  months,  the  average  of  these  maximum 
values  ranged  from  17.O  to  18 . 2 KW,  of  which  about  35  per- 
cent was  power  used  by  the  heat  pump,  about  20  percent  was 
used  by  the  water  heater,  about  5 percent  was  used  by  the 
electric  range,  and  about  40  percent  was  used  by  the  mis- 
cellaneous devices.  Tables  20  to  22  show  that  75  to  100 
percent  of  the  heat  pumps,  8l  to  94  percent  of  the  hot  water 
heaters,  and  19  to  25  percent  of  the  electric  ranges  in  the 
16  sample  houses  were  using  more  than  1 KW  of  electric  power 


-20- 


at  the  time  of  the  maximum  winter  power  demand.  At  the  same 
time,,  the  miscellaneous  devices  in  87  to  94  percent  of  the 
sample  houses  were  using  more  than  1 KW  of  electric  power. 

For  the  3 summer  months,  the  average  of  the  maximum 
monthly  power  demands  of  the  16  sample  houses  ranged  from 
13.8  to  13.9  KW,  of  which  about  23  percent  was  power  used 
by  the  heat  pump,  about  26  percent  was  used  by  the  water 
heater,  about  3 percent  was  used  by  the  electric  range, 
and  about  45  percent  was  used  by  the  miscellaneous  devices. 
Tables  23  to  25  show  that  87  to  94  percent  of  the  heat  pumps, 
8l  to  87  percent  of  the  water  heaters,  and  6 to  13  percent 
of  the  electric  ranges  in  the  16  sample  houses  were  using 
more  than  1 KW  of  electric  power  at  the  time  of  the  maximum 
summer  power  demand.  At  the  same  time  the  miscellaneous  de- 
vices in  87  to  100  percent  of  the  sample  houses  were  using 
more  than  1 KW  of  electric  power. 

The  power  demand  data  shown  in  Tables  20  to  25  show 
that  the  miscellaneous  devices  made  a larger  contribution 
to  the  monthly  maximum  demand  in  the  sample  houses  on  the 
average  than  any  of  the  other  components  of  the  load  during 
both  winter  and  summer  conditions. 

Tables  20  to  25  show  that  maximum  demands  in  the 
individual  houses  occurred  on  different  days  and  at  dif- 
ferent times  of  the  day  in  most  cases,  both  winter  and  summer. 
A study  of  the  demand  charts  and  the  charts  from  the  out- 
door temperature  recorders  also  showed  that  the  maximum  de- 
mands in  the  individual  houses  occurred  at  various  outdoor 
temperatures.  In  the  month  of  January  i960,  the  outdoor 
temperatures,  at  the  time  of  the  monthly  maximum  demands  in 
the  16  sample  houses,  ranged  from  21°F  to  58°F,  distributed 
as  follows: 


In  the  month  of  August  1959.,  the  outdoor  temperatures,  at  the 
time  of  the  monthly  maximum  demands  in  the  16  sample  houses, 
ranged  from  78 °F  to  93 °P,  distributed  as  follows: 


Outdoor  Temperature  Range,  °F 
20  to  30 
30  to  40 
40  to  50 
Above  50 


Number  of  Cases 
2 

10 

2 

2 
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TOTAL  AND  COMPONENT  15-MINUTE  POWER  DEMAND  OCCURRING  AT  THE  TIME 
OP  THE  MONTHLY  MAXIMUM  TOTAL  DEMAND  IN  EACH  SAMPLE  HOUSE 
December  10,  1959  to  January  8,  I960  ' •- 


4-  e-ow  co  in 


O-HVDO  E-E-CTVCVJ 


vo  m4-  vo  in  i 


o cncovovooo  ip  cm 


ih  m co 
40  in 


CD 
bO 

c 
as 
K 


h ino  o e-o 
o cvj  o 


ms  trj 

•H 

o 

c 

■H 

O 

O 


U 

0) 

hp  fi 
CO  0! 

S P 
CO 

-p  as 
o m 


mmo  cm  4- e- 
4-4"  in-=4  -4"  00 


coo  wo  av-4" 


m4-  o-  e-  e-co 


03O\H4OOHin 

* • * • « 9 

CO  CVJ  o o o o. 

1 1 


co  o e- 

• » 

o o 


in  o e-oo  in  av4-  4- 

4"  CVJ  4"  004-  4s  4- 


cvj  ov  av 

4-  cvj  00 


VO  O 4-  O O CO  VO  H 
E-VO  4-  E-  CE  CVJ  4-  crv 


4-  m in 
cr\4-  vo 


1 


CO 

CO 

CD 

<D 

co 

CO 

0 

2 

2 

ml 

0 

0 

C 

W 

W 

CO  0) 

E E w 

6 

6 

3 0 3 

-N  O 

00  t>-  H VO  CO  VO  O 

E Pi  0 

^ O 

• •••#♦  O 

■H  K 

w u 

VO  VO  D^-CO  H k 

« rH 

1 — 1 1 — 1 1 — 1 1 — 1 1 — 1 1 — l m J 

CO  CO  Sh 

<d 

as 

S P O 

PQ 

m 

O P 

1 

1 

Eh 

CVJ 

CO 

VO  OCO  CVJ  CVJ  CEO  CVJ 

vo  cm  o co  nun  e-vo 

1 — I < — J CVJ  i — | i — J ( — J 1 — IrH 


w 

CD 

CO 

3 

o 

w 


E 

o 

o 

?H 

T3 

0) 

ffl 


ce’csY  ' o 

« • • 

S-0-  C-- 

M H H 


a; 

ooomotn 

000  mo  mmin 

0 m 

E 

COCOC04-  04- 

C00040H4H 

C04 

•H 

H E—  CM  00  VO  H 

E-00  (C1HEOOO 

co  0 

Eh 

H 1— l H O O r— 1 

OOi — 1 1 — 1 O H 1 — l CVJ 

O rH 

T3 

c 0 

CO  M 

E 3 

CSV 

CSV  Ol  (J\ 

CTV  CTV 

<0  0 

0 0 0 0 ino 

omooomom 

mm 

w w 

vovo.vovo  crwo 

VO  CTVVOVOVO  CbVO  av  ■ 

CECE 

Q\  Q\  0^  0"\  1 — 1 (T\ 

CT\  H ChCrvCTVH  CT\  rH 

H H 

1 — 1 £h 

1 — 1 1 — 1 1 — 1 1 — 1 1 — 1 

r— 1 H H H H 

OS 

(0  O 

^ •> 

O' 

p Pi 

*>VO  *v 

•'CO  ^ •'O  •'O 

00  co 

a 

0 

* H E-VO  HHVO 

CO  H vo  E— 00  co  m CO 

OJ  CVJ 

(D 

. 

<D 

• e 

OJ 

P 

0 6 G C O C 

cocc-.codo 

O O 

p 

ca 

03  03  03  03  a)  03 

caa><ttca<tf(Dccj(D 

d)  0) 

CO 

p 

P 

hbhbfih 

bPbbbiPbiO 

p p 

( D 

•H 

CO 

3 

O 

E 

w 

O 

U 

vo 

P 

rH 

T3 

CO 

P 

OS 

S4  • 

O 

P 

O O 

P 

03 

P P 

d 

O 

40coh  in  co 

4-  4-  CO  CVJ  c--  E- VO  0 

E-CO 

cu 

3 

CO  CL) 

rHOO  VO  O CO  4- 

E-VO  E-E-CO  IAN 

VO  VO 

hO 

O 

P M 

h cvj  co  mco 

h h mmvo  e- 

■=t-^r 

03 

rH 

P 3 

u 

03 

c 0 

0) 

0 

0 ffi 

> 

0 

< 

* 

TOTAL  AND  COMPONENT  15-MINUTE  POWER  DEMAND  OCCURRING  AT  THE  TIME 
OF  THE  MONTHLY  MAXIMUM  TOTAL  DEMAND  IN  EACH  SAMPLE  HOUSE 
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Outdoor  Temperature  Range.,  °F 


Number  of  Cases 
None 
1 
13 
2 

None 


Below  70 
70  to  80 
80  to  90 
90  to  100 
Over  100 


These  results  indicate  that  the  maximum  demands  in  individual 
houses  during  winter  and  summer  were  not  directly  related  to 
the  magnitude  of  the  heating  and  cooling  loads. 

Tables  26  to  31  show  the  non-coincident  monthly  maximum 
power  demand  for  each  of  the  16  sample  houses  and  the  monthly 
maximum  power  demand  of  each  of  the  four  components  comprising 
the  total  house  load.  The  monthly  maximum  power  demands  of 
the  components  did  not  necessarily  coincide  with  the  monthly 
maximums  for  the  house  as  a whole.  The  degree  of  coincidence 
between  the  monthly  component  maximums  and  the  monthly  maxi- 
mum for  the  entire  house  is  shown  as  a coincidence  factor  in 
these  tables.  For  the  purpose  of  these  tables,  the  coinci- 
dence factor  is  defined  as  the  ratio  of  the  maximum  power  de- 
mand of  the  house  as  a unit  to  the  sum  of  the  maximum  power 
demands  of  the  appliance  components  in  the  house  over  a period 
of  a month. 

Tables  26  to  28,  for  the  3 winter  months  used  for  analysis 
show  that  the  maximum  power  demands  for  the  various  components 
were  fairly  consistent  from  month  to  month  when  comparing 
averages  for  all  of  the  sample  houses.  The  maximum  power  de- 
mands for  the  heat  pump  ranged  from  5.6  to  14.8  KW  in  different 
houses  with  the  3-month  average  for  all  houses  being  9.2  KW. 
Individual  houses  cannot  reasonably  be  compared  because  dif- 
ferent house  types  were  equipped  with  different  amounts  of 
supplementary  resistance  heating,  and  houses  467  and  468  were 
equipped  with  two  heat  pumps  whereas  the  others  in  the  sample 
contained  only  one.  The  maximum  power  demand  of  the  water 
heaters  varied  from  4.5  KW  to  5.4  KW,  probably  due  to  voltage 
variations  at  different  houses.  The  maximum  power  demands 
of  the  electric  ranges  varied  widely  depending  on  the  habits 
of  the  individual  occupant.  Probably  none  of  the  recorded 
maximum  power  demands  represent  the  full  load  demand  of  the 
range.  The  miscellaneous  devices  provided  the  second  largest 
maximum  power  demand  on  the  average.  The  biggest  single 
electrical  load  included  in  the  miscellaneous  group  was  the 
clothes  dryer,  whose  power  consumption  was  about  5 KW. 

Other  significant  loads  in  the  miscellaneous  group  were  the 
resistance  heater  in  the  bathroom,  the  washing  machine,  and 
such  appliances  as  electric  irons  and  toasters. 


. 
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NON-COINCIDENT  TOTAL  AND  COMPONENT  15-MINUTE  MAXIMUM  POWER  DEMANDS 
OCCURRING  AT  ANYTIME  DURING  THE  MONTH  IN  EACH  SAMPLE  HOUSE 
December  10,  1959  to  January  8,  I960 
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Probably  high  due  to  faulty  range  watthour  meter 


NON- COINCIDENT  TOTAL  AND  COMPONENT  15-MINUTE  MAXIMUM  POWER  DEMANDS 
OCCURRING  AT  ANYTIME  DURING  THE  MONTH  IN  EACH  SAMPLE  HOUSE 
July  7 to  August  1959 
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The  coincidence  factor  for  individual  houses  ranged  from 
0.54  to  0,87  during  the  3 winter  months,  but  the  average 
value  for  all  houses  in  the  sample  varied  between  0„68  and 
0„73  in  the  3-month  period. 

Tables  29  to  31^  ton  the  3 summer  months  used  for 
analysis,  show  that  the  maximum  power  demands  for  the  vari- 
ous components  were  fairly  consistent  from  month  to  month 
based  on  the  averages  for  all  the  sample  houses.  The  average 
of  the  maximum  values  for  the  total  house  load  in  all  houses 
was  3 to  4 KW  lower  for  the  summer  months  than  for  the  winter 
months,  due  almost  entirely  to  a corresponding  decrease  in 
the  maximum  power  demands  for  the  heat  pump  in  the  summer. 

The  maximum  power  demands  of  the  water  heater.,  electric  range, 
and  miscellaneous  devices  were  comparable  winter  and  summer. 

The  coincidence  factor  for  individual  houses  ranged  from 
0.53  to  0.94  during  the  3 summer  months.,  but  the  average 
value  for  all  houses  in  the  sample  varied  between  0.60  and 
0.73  in  the  3-month  period,  exactly  the  same  range  as  for  the 
average  winter  values.  It  will  be  noted  in  Tables  29  to  30 
that  the  coincidence  factor  for  house  263  is  significantly 
higher  than  those  for  all  other  houses.  It  is  believed  that 
this  may  have  been  caused  by  a faulty  watthour  meter  regis- 
tration on  the  electric  range  since  the  maximum  power  demands 
for  this  component  were  unusually  low. 

3.5(d)  Frequency  Distribution  of  Power  Demand  Values 

It  was  noted  in  Figures  3 to  12  that  high  15-minute  power 
demand  values,  somewhat  lower  than  the  monthly  maximum  value, 
occurred  at  various  times  throughout  the  day,  usually  during 
the  period  from  O63O  to  2000  hours.  The  exact  number  of  these 
occurrences  cannot  be  counted  in  Figures  3 to  12  because  these 
graphs  show  only  the  one  highest  value  of  power  demand  occur- 
ring at  each  15-minute  interval  of  the  day.  Information  on 
the  frequency  of  these  high  power  demands  is  of  importance  in 
determining  the  requirements  of  the  distribution  system  and 
in  selecting  possible  devices  for  limiting  the  magnitude  of 
the  maximum  power  demand  in  the  houses. 

Figures  19  to  28  were  plotted  to  show  the  frequency  of 
recurrence  of  15-minute  power  demands  at  various  levels  of 
demand.  The  curves  are  plotted  for  the  same  five  houses  for 
which  the  daily  pattern  of  power  demand  was  illustrated  in 
Figures  3 to  12.  Because  the  higher  values  were  of  primary 
interest,  only  demands  greater  than  5 KW  were  used.  Data  for 
both  August  1959  and  January  i960  are  shown. 
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FIG.  21  15-  MINUTE  POWER  DEMAND,  KW 
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FREQUENCY  DISTRIBUTION  OF 
15-MINUTE  POWER  DEMANDS  _ 
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HOUSE  263  LITTLE  ROCK  AFB 
FROM  AUG.  8 TO  SEPT.  7,  1959 
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FIG. 25  15 -MINUTE  POWER  DEMAND,  K W 
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FREQUENCY  DISTRIBUTION  OF 
15-MINUTE  POWER  DEMANDS 
GREATER  THAN  5 K W FOR 
HOUSE  656  LITTLE  ROCK  AFB 
FROM  AUG.  8 TO  SEPT.  7,  1959 


15-MINUTE  POWER  DEMAND,  KW 


FIG.  27 


PERCENT  OF  15  MINUTE  INTERVALS  AT  THIS  DEMAND 


15  -MINUTE  POWER  DEMAND,  K W 

FIG.  28 
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An  inspection  of  Figures  19  to  28  shows  that  the  frequency 
distribution  curves  were  exponential  in  shape  for  the  range  of 
power  demand  values  of  5 KW  and  higher.  Mathematical  expres- 
sions were  derived  for  some  of  the  curves  indicating  that  they 
were  generally  of  the  form  y = Ce"^-X  in  which  the  values  of 
constants  C and  k differed  somewhat  for  different  houses,  x 
represented  the  15-minute  power  demand  in  KW,  and  y repre- 
sented the  percent  of  the  total  monthly  demand  intervals  at 
this  value  of  power  demand. 

The  number  of  15-minute  intervals  in  the  month  for  which 
the  power  demand  would  be  expected  to  be  at  any  selected  value 
from  5 KW  to  the  maximum  can  be  read  directly  from  Figures  19 
to  28  for  this  group  of  sample  houses.  Tables  32  and  33  show 
the  power  demands  corresponding  to  frequencies  of  0.1,  1.0 
and  5«0  percent  for  the  period  January  8.  i960  to  February  8, 
I960,  and  to  frequencies  of  0.1,  1.0,  and  3*0  percent  for  the 
period  August  8,  1959  to  September  7j>  1959  taken  from  Figures 
19  to  28.  Since  there  are  ninety-six  15-minute  periods  in  a 
day,  a frequency  of  1 percent  corresponds  to  about  one  15- 
minute  period  per  day  on  the  average.  These  tables  show  that 
the  demands  of  houses  14,  263 ^ and  587  were  similar  during 
January  and  that  those  for  houses  14,  263.0  and  656  were  simi- 
lar during  August.  The  demands  for  house  468,  a 4~bedroom 
house,  were  larger  than  the  others  for  both  months  whereas 
the  demands  for  house  Jb  were  the  lowest  of  the  group  during 
January  and  second  highest  in  August. 

Using  the  data  for  house  14,  curves  were  plotted  from 
the  data  for  January  and  for  August  for  the  frequency  of  re- 
currence of  all  demands  from  0 to  maximum  power  demand.  Both 
curves  are  of  the  exponential  form  y = Ce“Kx,  either  in  part 
or  totally,  as  illustrated  in  Figures  29  and  30  showing  the 
curves.  The  curve  drawn  through  the  observed  data  for 
January  in  Figure  29  fits  the  exponential  curve  reasonably 
well  from  6 KW  to  the  maximum  of  about  18  KW,  but  bends  to 
the  right  from  the  exponential  curve  for  demand  values  from 
3.5  to  6 KW. 

The  reasons  for  the  significant  difference  in  the  shape 
of  the  frequency  curve  below  demand  levels  of  3»5  KW  between 
January  and  August  are  not  fully  understood.  However,  Figure 
8 indicates  that  the  heat  pump  probably  was  not  in  operation 
during  the  night  in  house  14  thus  reducing  the  occurrence  of 
power  demands  on  the  order  of  3.5  KW  considerably  during  the 
night,  and  increasing  the  frequency  of  smaller  demands.  It 
is  also  probable  that  the  total  number  of  hours  in  January 
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Table  32 


Power  Demands  at  Selected  Frequencies  of  Recurrence 
Period  January  8_,  i960  to  February  8,  I960 


Selected 
Frequency  of 
Recurrence,,  % 

15-Minut e 

Power 

Demand 

, KW 

14 

House  No 
74  263 

* 468 

587 

0,1 

14.2 

9.4 

14.8 

18.0 

14.8 

1.0 

10.0 

6 . 1 

10.8 

15.0 

9.9 

5-0 

5.8 

<5.0 

6.6 

11.5 

5.8 

Table  33 

Power  Demands  at  Selected  Frequencies  of  Recurrence 
Period  August  8,  1959  to  September  J , 1959 

Selected  15-Minute  Power  Demand,  KW 

Frequency  of  House  No, 


Recurrence.,  % 

14 

74 

263 

468 

656 

0.1 

11.4 

14.4 

13.5 

16,0 

13.7 

1.0 

8.0 

9*9 

8.2 

12.2 

8,4 

3.0 

5.5 

7.1 

5.2 

9.3 

5.4 
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that  required  steady  operation  of  the  heat  pump  for  heating 
exceeded  the  total  number  of  hours  in  August  that  required 
steady  operation  of  the  heat  pump  for  cooling.  Table  34 
shows  the  frequency  of  recurrence  of  outdoor  temperatures 
in  consecutive  5-degree  temperature  bands  from  20°F  to  75°F. 

The  frequencies  of  recurrence  of  15-minute  power  demands 
at  or  above  selected  levels  of  demand  from  about  5 KW  to  the 
maximum  are  shown  in  Figures  31  and  32.  The  same  data  were 
used  for  these  figures  as  for  Figures  19  to  28,,  but  in  this 
case  the  frequencies  shown  as  ordinates  were  plotted  on  a 
cumulative  basis.  The  data  for  five  houses  are  shown  in 
Figure  31  for  the  month  of  January  i960  and  the  data  for  four 
of  the  same  houses  and  one  other  house  are  shown  in  Figure  32 
for  the  month  of  August  1959.  These  curves  can  be  used  to 
determine  what  part  of  a day  or  a month,  on  the  average,  will 
correspond  to  15-minute  power  demands  at  any  selected  value 
or  higher.  For  example.  Figure  31  shows  that  the  15-minute 
power  demand  for  house  468  will  be  15.2  KW  or  higher,  1 per- 
cent of  the  time,  or  about  one  15-minute  period  per  day  on 
the  average.  In  Figure  32,  it  is  shown  that  the  15-minute 
power  demands  that  will  be  equaled  or  exceeded  1 percent  of 
the  time  in  August,  range  from  9.6  to  13.2  KW  in  the  five 
sample  houses.  Curves  of  this  type  can  be  used  to  evaluate 
the  probable  amount  of  time  that  the  energy  use  habits  in  a 
given  house  would  be  affected  by  a device  which  limited  the 
15-minute  demand  to  any  selected  value. 


Frequency  of  Recurrence  of  Outdoor  Temperatures  in 
Selected  Temperature  Ranges  at  Little  Rock  Air  Force  Base 
January  8 to  February  8,  I960 


Table  34 


Temperature  Range 


(°F) 


No.  of  Hours  with 
Temperatures  in 


this  Range 


20  to  25 
25  to  30 
30  to  35 
35  to  40 
40  to  45 
45  to  50 
50  to  55 
55  to  60 

60  to  65 
65  to  70 
70  to  75 


45 

70 

90 

150 

120 

95 

75 

40 

35 

20 

5 


PERCENT  OF  15-MINUTE  INTERVALS  AT  OR  ABOVE  THIS  DEMAND 
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FIGURE  31 
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FIG.  32  15-MINUTE  POWER  DEMAND,  KW 
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3,6  Relation  of  Maximum  Demand  for  the  Entire  Air  Base  to  that 
for  the  Housing  Area  Only~ 

Table  35  shows  the  magnitudes  of  the  monthly  15-minute 
maximum  demands  from  April  1959  through  February  I960,  for 
both  the  housing  area  by  itself  and  the  entire  air  base.  It 
also  shows  the  times  that  the  monthly  maximum  demands  oc- 
curred for  both  the  housing  area  and  the  entire  air  base. 
Comparison  of  the  magnitude  of  the  two  maximum  demands  and 
the  time  of  occurrence  of  these  demands,,  shows  clearly  that 
the  demand  of  the  housing  area  was  the  predominant  factor 
determining  the  monthly  maximum  demands  for  the  entire  air 
base.  For  these  months.,  the  maximum  demand  for  the  housing 
area  ranged  from  59  percent  to  8l  percent  of  that  for  the 
entire  air  base,  with  the  higher  percentages  occurring  in 
the  winter  months.  For  all  months  but  five,  the  time  of 
maximum  demand  for  the  housing  area  was  coincident  with  that 
for  the  total  base.  In  four  of  these  five  months,  both 
maximum  demands  occurred  on  the  same  morning. 


Table  35 


Maximum-  15-Minute  Demands  for  Entire  Air  Base  and  Housing  Area  Only 

MAGNITUDE  OF  MONTHLY  MAXIMUM 

DEMAND  (KW) TIME  OF  MONTHLY 


Housing 

Percent 

MAXIMUM  DEMAND 

Area 

of  Entire 

Entire 

Housing  Area 

Entire 

Time 

Period 

Only 

Air  Base 

Air  Base 

Only 

Air 

Base 

Mar. 

6 - 

Apr. 

.7, 

1959 

7,224 

73 

9,8  56 

1100 

3-  6-59 

1100 

3-  6-59 

Apr. 

7 - 

May 

7, 

1959 

5,712 

74 

7,728 

0700 

4-13-59 

0930 

4-  9-59 

May 

7 - 

June 

8, 

1959 

5,292 

59 

8,949 

1230 

5-29-59 

1045 

5-29-59 

June 

8 - 

July  7, 

1959 

7,560 

71 

10,600 

1045 

6-29-59 

1030 

6-29-59 

July  ? - 

Aug. 

7 » 

1959 

7,308 

65 

11,200 

1145 

8-  3-59 

1100 

8-  3-59 

Aug. 

7 - 

Sep. 

8, 

1959 

7,476 

67 

11,200 

1100 

8-24-59 

1145 

8-24-59 

Sep. 

8 - 

Oct. 

8, 

1959 

6,384 

64 

9,968 

III5 

9-28-59 

1115 

9-28-59 

Oct. 

8 - 

Nov. 

9, 

1959 

10,080 

80 

12,656 

0915 

11-  6-59 

0915 

11-  6-59 

Nov. 

9 - 

Dec. 

10 

. 1959 

11,508 

80 

14 .448 

0930 

11-1.7-59 

0930 

11-17-59 

Dec. 

10, 

1959 

— > ( 

Jan.  8,  i960 

11,676 

80 

14,672 

0915 

1-  8-60 

0915 

1-  8-60 

Jan. 

8 - 

Feb. 

8, 

I960 

12,432 

80 

15,568 

1100 

1-18-60 

1100 

1-18-60 

Feb. 

8 - 

Mar. 

8, 

I960 

13,860 

81 

17,024 

1015 

3-  2-60 

1015 

3-  2-60 

. 
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It  should  be  noted  that  the  lack  of  coincidence  occurred 
during  the  summer  months  when  the  power  usage  for  air  con- 
ditioning was  not  as  great  as  for  winter  operation*  In 
agreement  with  much  of  the  data  given  on  the  sample  houses, 
the  data  in  these  tables  show  that  in  every  instance,,  ex- 
cept one,  the  maximum  demand  for  the  housing  area  occurred 
during  the  morning  hours. 


40  METHODS  OF  LIMITING  MAXIMUM  POWER  DEMAND 
IN  THE  HOUSING  AREA 

Various  devices  and  methods  have  been  used  to  limit  the 
power  demand  in  houses  designed  for  electric  heating  and 
all-electric  appliances.  These  usually  take  the  form  of 
some  type  of  programming  system  and  could  either  be  adminis- 
trative or  mechanical-electrical.  Certain  intermittent 
operations  in  a house,  such  as  laundering,  could  be  staggered 
throughout  the  week  by  administrative  order  to  provide  diver- 
sity among  a large  group  of  houses.  This  type  of  program- 
ming has  the  advantage  that  no  equipment  is  required  to  im- 
plement it,  but  it  depends  on  voluntary  cooperation  in  most 
cases  and  would  cause  inconvenience  at  times.  The  practica- 
bility of  administrative  programming  can  best  be  evaluated 
at  the  air  base  and  will  not  be  further  considered  In  this 
discussion. 

Mechanical-electrical  devices  for  programming  a group 
of  component  loads  in  a house  might  take  any  of  the  following 
forms  % 

(1)  A non-pref erentlal  total  load-limiting  device, 

(2)  A total  load-limiting  device  that  gave  preference 

to  certain  appliances, 

(3)  A load  selector  that  permitted  either  of  two 
appliances,  but  not  both,  to  be  energized  at  the 
same  time, 

(4)  A relay  which  permitted  one  or  more  appliances  to 
be  energized,  only  if  the  load  already  energized 
was  below  some  selected  value, 

(5)  An  off-peak  water  heating  control  on  a time  clock. 
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(6)  A relay  that  cut  the  applied  voltage  from  230  volts 
to  115  volts  on  resistance  elements  such  as  the 
water  heater  and  the  supplementary  resistance  heaters 
in  the  heat  pumps  whenever  the  power  demand  reached 
some  selected  value, 

(7)  A control  that  cut  off  the  water  heater  for  intervals 
of  2 hours,  more  or  less,  during  the  time  of  the  day 
when  other  loads  were  high,  but  with  these  2~hour 
periods  staggered  throughout  the  period  from  about 
0800  to  2000  hours. 

In  considering  the  type  of  programmer  that  would  provide 
the  best  combination  of  reduction  of  maximum  demand  and  mini- 
mum of  inconvenience  to  the  house  occupants,  the  principal 
conclusions  indicated  by  the  foregoing  analysis  of  the  energy 
usage  and  power  demand  in  the  sample  houses  and  the  priority 
of  the  several  load  components  in  the  house  from  a convenience 
standpoint  should  be  taken  into  account . 

The  more  significant  conclusions  indicated  by  the  analysis 
of  the  data  from  the  sample  houses  and  from  the  entire  housing 
area  may  be  summarized  as  follows? 

(a)  The  data  in  Tables  13  to  18  indicate  that  the  maximum 
demand  for  the  entire  housing  area,  was  caused  by  a 
moderately  high  average  demand  in  many  houses  rather 
than  a coincidence  of  the  maximum,  or  very  high  demand 
in  a minority  of  the  houses.  None  of  the  .16  sample 
houses  exhibited  a monthly  maximum  demand  coincident 
with  the  monthly  maximum  demand  for  the  entire  housing 
area,  yet  the  average  demand  in  the  sample  houses  at 
the  time  of  the  monthly  maximum  for  the  entire  housing 
area  was  about  equal  to  the  average  for  all  of  the 
houses  at  that  time.  This  suggests  that  a program 
device  which  simply  reduced  the  Individual  house  maxi- 
mum demand  by  4 or  5 KW  probably  would  not  have  a 
significant  effect  on  the  maximum  demand  for  the  en- 
tire housing  area. 

(b)  Figures  3 to  .12  show  that  the  average  power  demand 
during  the  hours  from  about  O63O  to  2000  was  signifi- 
cantly higher  than  during  the  night  hours.  This  dif- 
ference was  more  significant  in  the  summer  than  in  the 
winter.  Table  13  shows  that,  for  four  of  the  five 
sample  houses  studied,  the  rate  of  energy  use  during 
the  hours  from  0700  to  2300  was  about  1 1/2  times 
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that  used  during  the  night  hours  from  2300  to  0J00 
in  the  month  of  January  and  that  this  ratio  was  about 
4 to  1 between  the  same  periods  in  the  month  of  August, 
The  difference  was  not  as  great  as  this  in  the  fifth 
house,,  i.e.  house  263  during  August  and  house  468 
during  January,  Figures  3 to  12  and  Table  13  indicate 
that  a program  device  that  would  shift  some  of  the  load 
from  the  daytime  hours  to  the  night  hours  would  proba- 
bly provide  a lower  maximum  demand  for  the  housing  area, 

(c)  Tables  19  to  24  show  that  maximum  power  demand  for  the 
individual  house  averaged  about  14  KW  in  the  summer 
and  about  17-5  KW  in  the  winter  with  the  heat  pump, 
water  heater,  and  miscellaneous  devices  being  the 
principal  contributors  to  these  maximum  demands. 

Tables  25  to  30  show  that  the  coincidence  factor  be- 
tween the  maximum  demands  of  the  load  components  in 
each  house  and  the  maximum  demand  for  the  entire  house 
load  averaged  about  0,71  both  winter  and  summer, 

(d)  Figures  19  to  28  show  that  an  exponential  curve  of  the 
form  y = Ce~^x  represents  fairly  well  the  frequency  of 
recurrence,  y,  of  power  demands  from  about  5 KW  upward, 
and  the  numerical  value  of  the  15-minute  power  demand, 
x.  Cumulative  curves.  Figures  31  and  32,  for  fre- 
quency of  recurrence  of  high  power  demands,  show  that 
power  demands  of  11,5  KW  or  more  occur  only  about  1 
percent  of  the  time,  or  about  15  minutes  per  day,  on 
the  average,  during  a typical  summer  or  winter  month, 
except  in  the  large  4-bedroom  houses  with  two  heat 
pumps.  These  cumulative  frequency  curves  also  indicate 
that  power  demands  in  excess  of  7 KW  occur  for  about 

3 hours  per  day,  on  the  average,  except  in  the  large 
4-bedroom  houses. 

(e)  Tables  5 to  9 show  that  the  energy  usage  for  heating 
was  best  correlated  with  the  heating  load  on  the  basis 
of  total  energy  used  for  heating,  including  the  con- 
tribution made  by  the  appliances  other  than  the  heat 
pump,  the  degree-days  determined  from  average  indoor 
temperature  and  mean  daily  outdoor  temperature,  and 
the  floor  area  of  the  house.  The  average  energy  usage 
factor  for  the  16  sample  houses  based  on  a 5-month 
period  from  October  1959  through  February  I960  was 
2.18  KWH/degree-day  (l,000  sq  ft  of  floor  area). 
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(f)  Tables  10  to  12  show  that  the  energy  usage  for  cooling 
was  best  correlated  with  the  cooling  load  on  the  basis 
of  the  energy  used  for  the  heat  pump,,  the  degree-days 
determined  from  the  hourly  values  of  outdoor  tem- 
perature related  to  a 65°F  base,  and  the  floor  area  of 
the  house.  The  average  energy  usage  factor  for  the  16 
sample  houses  based  on  a 3-month  period  from  June 
through  August  1959  was  2.1  KWH/degree-day  ( 1,000  sq 
ft  of  floor  area). 

(g)  The  average  annual  energy  used  by  the  16  sample  houses 
(the  sample  consisted  of  15  houses  for  a few  months) 
for  the  12-month  period  from  March  1959  to  February 
I960  was  25^300  KWH.  Of  this  total  48.6  percent  was 
used  by  the  heat  pump,  including  the  supplementary  re- 
sistance heaters,  for  heating  and  cooling;  24.3  percent 
was  used  for  water  heating;  23 » 3 percent  was  used  for 
miscellaneous  devices,  including  a resistance  heater 

in  the  bathroom;  and  3.8  percent  was  used  by  the  elec- 
tric range.  Annual  costs  can  be  derived  from  these 
data  by  applying  appropriate  rate  schedules. 

From  a convenience  standpoint  it  is  believed  that  the 
various  functions  occurring  in  a house  that  require  electric 
energy  should  be  placed  in  the  following  order  of  decreasing 
prioritys 

(1)  cooking 

(2)  heating  and  cooling 

(3)  miscellaneous  uses,  laundering,  ironing,  etc. 

(4)  water  heating. 

Cooking  was  given  priority  over  heating  partly  because  it  can 
effectively  substitute  for  heating  for  limited  periods  of  time. 
Heating  and  cooling  were  given  priority  over  miscellaneous 
uses  because  they  are  continuous  requirements  over  rather  long 
periods  of  time  whereas  the  occupant  has  considerable  choice 
in  performing  the  miscellaneous  functions  of  laundering,  iron- 
ing, etc.  Water  heating  was  given  the  lowest  priority  because 
it  is  both  possible  and  conventional  to  provide  some  storage 
of  hot  water  whereas  only  very  limited  storage  of  heating  and 
cooling  effect  is  practical  and  the  other  functions  cannot  be 
stored. 
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The  foregoing  analysis  and  conclusions,  regarding  the 
average  pattern  of  daily  power  demand,  the  coincidence  factor 
within  individual  houses  and  among  groups  of  houses,  the 
probable  cause  of  the  maximum  demand  for  the  entire  housing 
area,  the  frequency  of  recurrence  of  high  demands,  and  the 
convenience  considerations  associated  with  the  various  energy- 
using activities  in  a house  indicate  that  some  type  of  pro- 
grammer that  caused  the  water  heater  to  be  energized  only 
during  periods  of  low  or  moderate  demand  by  other  appliances 
offers  the  best  possibility  of  decreasing  the  maximum  15- 
minute  power  demands  for  the  entire  housing  area.  Program 
devices  3 through  J,  listed  at  the  beginning  of  Section  4 
of  this  report,  are  different  variations  of  this  type  of 
device . 

Of  all  the  devices  listed  it  is  believed  that  a relay 
which  permitted  one  or  more  appliances  to  be  energized,  only 
if  the  load  already  energized  was  below  some  selected  value, 
identified  as  (4)  in  the  earlier  listing,  offers  the  best 
possibility  of  distributing  the  total  daily  energy  use  evenly 
over  the  24-hour  period.  This  type  of  relay  would  consist 
of  a current  coil  in  the  lines  serving  the  house  that  would 
interrupt  the  circuit  to  the  water  heater  or  possibly  to  the 
water  heater  and  dryer,  whenever  the  current  reached  some 
selected  value.  In  this  arrangement  the  electric  service 
to  the  water  heater,  or  water  heater  and  dryer,  would  be 
connected  on  the  line  side  of  the  current  relay.  This  de- 
vice would  not  limit  the  power  demand  or  time  of  use  of  any 
component  of  the  load  except  the  one  or  two  interrupted  by 
the  current  relay,  and  would  not  prevent  these  from  being 
energized  except  at  times  of  high  demand.  The  data  on  fre- 
quency of  recurrence  of  high  demands  indicates  that  such  a 
relay  should  be  activated  at  a load  somewhat  above  that 
caused  by  the  compression  system  of  the  heat  pump,  but 
somewhat  below  the  load  when  the  compression  system  and 
supplementary  resistance  heaters  were  both  energized.  That 
is,,  in  the  houses  with  one  heat  pump  the  relay  should  be 
energized  at  a load  somewhere  between  5 and  8 KW  and  in  the 
houses  with  two  heat  pumps  at  a load  somewhere  between  9 and 
12  KW.  This  type  of  program  device  would  probably  require  a 
water  heater  sized  for  off-peak  heating  to  provide  greater 
storage  of  hot  water  than  is  now  possible.  This  type  of  re- 
placement should  be  considered  whenever  an  existing  water 
heater  has  failed. 
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An  off-peak  water  heating  schedule  controlled  by  a time 
clock  could  also  be  used  to  shift  the  water  heating  load  to 
the  night  hours,  but  unless  the  hours  of  water  heating  were 
staggered  after  midnight,,  the  time  of  maximum  demand  for  the 
entire  housing  area  might  only  be  shifted  to  a new  hour 
without  reduction  in  magnitude.  This  device  might  still  be 
practical,,  if  it  were  found  that  the  power  demand  of  the  air 
base  outside  the  housing  area  became  quite  low  at  night„ 

The  type  of  device  which  permitted  either  of  two  devices 
to  be  energized  as  required,  but  not  both  simultaneously, 
would  probably  reduce  the  maximum  power  demand  in  each  house 
appreciably,  but  it  might  not  reduce  the  high  average  that 
appears  to  have  caused  the  maximum  demand  for  the  entire 
housing  area. 

It  is  recommended  that  water  heaters  with  storage  tanks 
suited  to  off-peak  heating  be  installed  whenever  an  oppor- 
tunity for  replacement  occurs  and  that  one  or  more  of  the 
program  devices  that  would  reduce  the  peaks  and  fill  in  the 
valleys  of  the  daily  demand  curves  be  tried  on  a pilot  basis. 
In  our  opinion,  the  program  devices  identified  by  the  numbers 
(4),  (6),  (7)  and  (5)  offer  the  best  possibilities  for  re- 
duction of  maximum  demand  at  the  air  base. 
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